We present two scenarios in the Minimal Supersymmetric Extension of the Standard Model (MSSM) that can lead to an explanation of the excess in the invariant mass distribution of two opposite charged, same flavor leptons, and the corresponding edge at an energy of about 78 GeV, recently reported by the CMS collaboration.
I. INTRODUCTION
After the Higgs discovery [1, 2] , the main goal of the LHC experiments is the search for new physics at the TeV scale. Current searches at the 8 TeV LHC have provided no evidence of new physics beyond the Standard Model (SM). There are, however, some intriguing signatures that may hint to the presence of new physics. For instance, in a recent analysis of the invariant mass distribution of two opposite charged, same flavor (SFOS) leptons [3] , CMS has reported an intriguing excess of events with respect to the ones expected in the SM. In this search CMS looks for two isolated lepton final states using the 8 In this article, we shall interpret the presence of this edge as a signature of the production of third generation supersymmetric particles at the LHC 1 . Supersymmetry is an attractive framework [5] [6] [7] , that leads to the unification of couplings at high scales and provides Dark
Matter candidates in terms of the superpartners of the neutral Higgs and gauge bosons.
Moreover, for supersymmetric particle masses of the order of the TeV scale, low energy supersymmetry leads to the radiative breaking of the electroweak symmetry with a light,
1 During the completion of this work, an alternative explanation of this kinematic edge in terms of first and second generation s-quarks together with light s-leptons was presented [4] .
mostly SM-like Higgs boson with a mass which may be consistent with the value observed at the LHC [8] [9] [10] [11] [12] [13] . It has been pointed out that the study of kinematic edges can be important for the detection of light supersymmetric particles (for recent work, see [14, 15] ), and several kinematic variables have been proposed to distinguish new physics from background. In this article, we shall focus on the edge in the m ll distribution.
The kinematic edge can be explained by the presence of a light s-bottom 2 . The s-bottoms are pair produced in the detector, and one of the s-bottoms decays to a b-jet and the LSP. The other one decays to a heavier neutralino and a b-jet, and the heavier neutralino subsequently decays to the lightest neutralino and a pair of SFOS leptons through a s-lepton or an offshell Z, depending on the mass of the s-leptons and the composition of the neutralinos.
We therefore defined two scenarios. In scenario A, the s-bottom decays through the decay
1 . In scenario B, instead, the s-bottom decay features the cascade decay ofb 1 → bχ
1 . Thus, the two s-bottoms together give 2 b-jets, a pair of SFOS leptons and missing energy. Under these conditions, the m ll distribution will feature a kinematic edge.
This article is organized as follows : In section II, we will analyze the two possible scenarios in more detail, and study the resultant contributions to the kinematic edge. We also discuss the implications of these scenarios for Dark Matter and the muon anomalous magnetic moment. In section III we consider possible constraints on both scenarios from the LHC. We reserve section IV for our conclusions.
II. S-BOTTOM CONTRIBUTIONS TO THE DILEPTON KINEMATIC EDGE
Scenarios with pair produced s-bottoms are able to explain the kinematic edge. The spectra in Fig 1 and Fig 3 are examples of possible scenarios, where the particle masses necessary to explain the data in each of these scenarios are presented in Table I . 2 The explanation of the edge events with via the decay of s-bottoms is consistent with the benchmarks proposed by CMS in Ref [3] . However, the CMS benchmarks, based on the heavier neutralinos decay to an off-shell Z and the lightest neutralino, are in tension with the ATLAS limits on b-jet + E , with a mass around 340 GeV can decay to two leptons and aχ 0 1 through a right-handed s-electron or a s-muon with masses mẽ R = mμ R = ml around 300 GeV. The mass of the LSP is chosen to be 260 GeV.
Those two leptons will have same flavor and opposite signs, and the edge of the invariant mass of the dilepton will be at
which is about 80 GeV in this spectrum. In Eq.
(1) ml is the s-lepton mass and mχ0 The mass parameters in scenario A were chosen in order to give a sufficiently large cross-section without being in conflict with other experimental constraints, which will be is 7.4% for tan β = 25 and µ = 500 GeV, which is consistent with the constraints coming from 4 lepton searches, which we are going to discuss in detail in section III. Then we choose the mass of the right-handed sleptons to be 320 GeV to give the m ll edge at 80
GeV according to Eq (1). In addition, we chose the mass of the left-handed s-leptons to be around 400 GeV to give a larger contribution to the muon anomalous magnetic moment, which in this scenario is of about ∆a µ = 2 ×10 −9 . This is consistent with the experiment value ∆a µ = (2.87 ± 0.8)× 10 −9 [31] [32] [33] [34] [35] [36] [37] [38] [39] . Smaller values of µ would further enhance the value of ∆a µ , but they will also lead to an enhancement of the BF(b 1 → bχ 0 2 ) and therefore we will not consider them in this analysis.
We performed a collider study of s-bottom pair production using the spectrums shown in Fig 1. We generated the events with Isajet [17] , and pass the event to Pythia [18] and PGS [19] for showering and the detector simulation and follow the CMS event selection described in section I. The production cross section was scaled to the Prospino NLO results [20] .
In the scenario A under analysis,χ Table I .
Although we have not attempted to find the optimal values of the supersymmetric particle masses consistent with the observed signal, we have analyzed the effects of possible variations of these parameters. A s-bottom lighter than 390 GeV will have a larger production rate, but the generation of the kinematic edge becomes more difficult due to the fact that for a BF(b 1 →χ 0 1 b) 1 the experimental bounds on the LSP mass for s-bottoms with masses between 300 GeV and 400 GeV (which will be discussed in more detail in the next section)
do not change much with the mass of s-bottoms. That means, for a lighter s-bottom, the allowed mass for the LSP would only be slightly smaller than 260 GeV. Therefore, in order to reproduce the edge the heavier neutralino mass should be kept at approximately the same value and the BF(b 1 → bχ 0 2 ) would be smaller than in the example we discussed above. For instance, for a s-bottom around 385 GeV, the cross section is increased to 0.45 pb while In this scenario, the s-bottom pair production will also contribute to the ≥2 jets + ≥2
b-jet channel. There is a potentially large signal in this channel coming from s-bottom pair production, and in the next section we shall discuss the constraints coming from it. Let us only emphasize here that the jets coming from the heavier neutralino decays tend to be soft and there are over-whelming backgrounds associated, for instance, with tt production, so that the scenario B is still consistent with this constraint.
A spectrum that could account for the dilepton kinematic edge.χ 0 2 andχ 0 3 decay to the LSP and a pair of same flavor opposite sign leptons through an off-shell Z.
In scenario B, the production cross section is σ pp →b 1b1 = 1.14 pb. At the 8 TeV 
that was chosen to be 78 GeV and 76 GeV for the third and second lightest neutralino in this scenario, respectively. . See the spectra in Fig. 3 and Table I . 2 . We will come back to these issues in the next section.
This scenario leads to a proper anomalous magnetic moment of the muon for natural values of the s-lepton and Wino masses. In order to accommodate the muon g − 2 result, the s-leptons should not be too heavy. For instance, for ml Xenon1T may be able to probe this scenario. Provided the sign of µ × M 2 remains positive, the contribution to ∆a µ is reduced by about 10% in this case.
III. CONSTRAINTS FROM LHC SEARCHES AND POSSIBLE FUTURE SEARCHES
As we discussed in the previous section, there are several constraints on the presence of light s-bottoms and neutralinos coming from both ATLAS and CMS. The constraints from direct searches for s-bottoms decaying into bottom quarks and missing energy [21, 22] apply here. For scenario A, the direct limit for s-bottoms shows that, for a mass of the LSP of about 260 GeV, and a BF(b 1 → bχ 0 1 ) = 1, s-bottoms with masses from 390 GeV to 620 GeV are excluded by ATLAS, while CMS has a weaker limit. Due to the smaller BF(b 1 → bχ 0 1 ), these bounds are weakened for this scenario. In particular, as we stressed in the previous section, since we chose masses close to the ATLAS limit for a BF(b 1 → bχ 0 1 ) = 1, the mass parameters in scenario A are beyond the current ATLAS limit.
For scenario B, the direct limit for s-bottoms in the 2 b-jet + E Both scenarios contribute to the 4-lepton, ≥ 1 jets plus missing energy channel. CMS studied this channel [23] . CMS does not observe any events in the region H T >200 GeV and E miss T < 50 GeV, while 0.08 events were expected in the SM. In the region of H T < 200
GeV and E miss T < 50 GeV, 1 event is observed while 0.23 events are expected in the SM.
We studied the expected number of four lepton events in our scenarios. In Scenario A, 0.3 events are expected in the H T >200 GeV and E miss T < 50 GeV region and 1.6 events are expected in the H T <200 GeV and E channel [24] . For loose cuts the number of observed events is consistent with the ones associated with s-bottom production. For tight cuts, the number of observed events is small but it falls short of the ones expected in the SM. Therefore, there is a small tension with the numbers predicted from s-bottom production in scenario B, which however are still much smaller than background. Therefore, if the edge is confirmed, we expect this channel to provide a relevant test of scenario B at the next run of the LHC. Also, the limits from chargino and neutralino searches should be taken into consideration [25, 26] . The limits are quite weak for a LSP as heavy as 200 GeV, and our choice of parameters in section II is well allowed by both experiments. Both scenarios contribute to the single lepton channel, but both experiments require more than 3 hard jets in the single lepton search [27] [28] [29] [30] and therefore do not set any constraints in our scenarios from this channel. Scenario A also gets constrained by direct s-lepton searches, but the current limits from direct s-lepton searches do not cover the LSP mass larger than 100 GeV [25, 26] assuming the lighter s-lepton is right-handed.
IV. CONCLUSIONS
To summarize, we have shown two possible scenarios with s-bottoms with masses around 300 to 400 GeV to explain the recent CMS excess of events in the SFOS dilepton and missing energy channel, leading to an edge with a dilepton invariant mass m ll 78 GeV.
In both scenarios, one of the pair produced s-bottoms decays to a b-jet and the LSP, and the other decays to a b-jet and a heavier neutralino, which further decays to the LSP and a pair of SFOS lepton through an on-shell s-lepton or an off-shell Z, respectively. Both scenarios feature an edge around 78 GeV and produce a number of events consistent with the observation of CMS. The s-bottom, s-lepton and neutralino masses are within the current experimental limits.
We showed that the predicted value of the muon anomalous magnetic moment may 
